Introduction
Four and five membered saturated nitrogen containing heterocycles, azetidines and pyrrolidines respectively, are important agrochemical and pharmacological motifs. Whilst pyrrolidines are a mainstay of the pharmaceutical and natural products arenas far fewer molecules containing azetidines have been reported, despite their intriguing biological activities. 1 Naturally occurring azetidine containing compounds include the siderophore mugenic acid 2,3 and a marine sponge extract penaresidin A. [4] [5] [6] Azetidines are often compared to pyrrolidines in terms of various biological assays, for example nicotine binds less effectively than its azetidine analogue, Fig. 1 , to acetylcholine receptors. 7 This coupled with studies into the psychotropic potency, 8 potential CNS-focused leads in drugdiscovery 9 and antibacterial activity 10 demonstrates that azetidine derivatives are attractive biologically active motifs.
Results and discussion

Synthesis
In an earlier report we detailed an iodine mediated cyclisation and isomerisation protocol that delivered pyrrolidines via unstable azetidine intermediates. 11 Herein new observations and understanding are presented, such as streamlined access to pyrrolidines, and exploiting the observation that simply carefully controlling reaction temperature allows direct access to either azetidines 2 or pyrrolidines 3. For example reaction of N-benzyl-1-phenylbut-3-en-1-amine (1a) with iodine and sodium hydrogen carbonate in acetonitrile at 20°C, delivered cis-azetidine 2a in 96% yield (which is prone to isomerisation to cis-pyrrolidines), whereas running this cyclisation reaction at a slightly elevated temperature (50°C) cleanly delivers cispyrrolidine 3a as the only detectable product (82% isolated yield), Scheme 1. It should be noted that the temperature should be closely controlled through manipulations since azetidines 2 were found to readily isomerise under solvent removal conditions above 20°C.
Azetidines
Having established the general synthetic protocol for the synthesis of 2,4-cis-azetidines from homoallyl amines, i.e. treatment with iodine and sodium hydrogen carbonate in acetonitrile at room temperature, 11 the effect of varying the base was probed. Since iodine containing azetidines 2 are prone to isomerisation with time the post-workup mixture obtained from the reaction was used to determine conversion ( proton NMR spectroscopy), post work-up isolates had already been shown by us to be excellent starting points for subsequent derivatisation. 11 Table 1 (entries 1 to 12) details the effect of varying the base under the standard conditions of a 16 h room temperature reaction of homoallyl amine 1a with three equivalents of iodine in acetonitrile. Whilst initially selected sodium hydrogen carbonate proved to be the superior base for azetidine formation, providing 2a as the sole product with no detectable starting material or by-products (Table 1 , entry 7), the use of no base at all ( Table 1 , entry 1) permits the formation of the desired azetidine product in a modest 44% yield. Use of lithium carbonate as base improves the conversion of amine 1a to azetidine 2a (Table 1, entry 2) a little (75%). Lithium, sodium and potassium hydroxide (Table 1 , entries 6, 8 and 9 respectively) gave 50-100% conversion of amine 1a to mixtures of azetidine (2a) and pyrrolidine (3a), as did lithium and sodium acetate ( Table 1 , entries 10 and 11 respectively). Potassium acetate (Table 1, entry 12) showed evidence of oxidation of 1a with a product distribution that contained 50% of the desired azetidine 2a, 20% of the corresponding pyrrolidine 3a accompanied by imine 4a (30%). Potassium carbonate (Table 1 , entry 4) gave complete conversion of 1a to a mixture of azetidine 2a and imine 4a (∼1 : 2 ratio). Somewhat surprisingly cesium carbonate gave only imine containing products, both the aforementioned oxidation product 4a (from oxidation of 1a) but also imine 5a (the condensation product of benzaldehyde and benzylamine). 12, 13 After confirming sodium hydrogen carbonate was the most effective base for azetidine formation THF, methanol, dichloromethane and DMSO (Table 1 , entries 13-16 respectively) were tried as solvent. Whilst none of the solvents tried proved to be superior to acetonitrile in azetidine formation, it is noteworthy that both methanol and DMSO did show evidence of amine oxidation to imine 4a (∼30% in both cases). Next substrate scope was investigated, Table 2 shows the effect of varying the substituents labelled R 1 and R 2 in starting amines 1a-t. Under conditions optimised for iodoazetidine formation conversion of starting amine to cyclised products was generally high and showed no evidence for trans substitution about the azetidine (or pyrrolidine where detected) rings, the ratio of azetidine to pyrrolidine was good to excellent for benzylic R 2 substituents. Aromatic substituents bearing electron donating groups in R 1 (e.g. 3-and 4-OMe, Table 2 , entries 9 and 17 respectively) were employed, and whilst the 3-methoxy derivative gave complete conversion to a 3 : 1 mixture of the corresponding azetidine and pyrrolidine the 4-methoxy derivative failed to give any cyclised product, rather an apparent loss of the allyl group and oxidation of 1r was observed. Perhaps, after initial activation of the alkene by iodine, allyl iodide might be expelled assisted by the resonance stabilization of the generated cation, as proposed in Scheme 2. Electron withdrawing groups in R 1 4-and 2-nitro phenyl ( Table 2 , entries 6 and 13) gave 3 : 1 mixtures of azetidine to pyrrolidine. Heteroaromatic 3-and 4-pyridyl and 3-furyl (Table 2, entries 4, 5 and 10) gave complete conversion to cyclised product with good to excellent azetidine to pyrrolidine ratios.
Alkyl tert-butyl and cyclohexyl groups at R 1 ( Table 2 , entries 8 and 11) gave complete conversion to azetidine products. An organometallic fragment in R 1 ferrocenyl ( Table 2 , entry 14) also gave only azetidine product in quantitative consumption of homoallylamine starting material. In the variation of R 2 para-methoxybenzyl, para-tolylbenzyl, para-nitrobenzyl and CH 2 -3-pyridyl (Table 2, entries 2, 3, 12 and 20) respectively all gave quantitative conversion with only the para-nitrobenzyl derivative providing anything less than complete selectivity in favour of azetidine products. Alkyl groups in R 2 proved troublesome cyclohexyl and n-propyl ( Table 2 , entries 15 and 16) gave low conversion to pyrrolidine products (with sodium carbonate as base), and CH 2 C(CH 3 ) 3 gave slightly higher conversion but the product distribution was a 1 : 1 mixture of pyrrolidine and azetidine (under standard conditions).
The observation that the iodine mediated cyclisation consistently delivers cis relative stereochemistry can be ascribed to the suggested differences in transition state geometries that would be required to deliver cis or trans products. Addition of iodine to the carbon-carbon double bond of a homoallyl amine, such as 1a, could form two diastereomeric iodiranium species (Scheme 3). In order for cyclisation to a fourmembered azetidine to occur two possible transition states are possible. The most disfavoured of the two transition states would increase a pseudo 1,3-diaxial interaction, whereas the transition state reasoned to be more favoured positions protons in the pseudo axial positions (Scheme 3: upper and lower transition state respectively).
Since it had been already demonstrated that iodoazetidines of the general class cis-2 were highly prone to isomerisation and that the trick of rapidly reacting the crude, post work-up azetidine with a nucleophile to replace iodine could deliver stable cis-azetidine derivatives (cis-6), a range of amine derivatives of cis-azetidines 2 were prepared in 50 to 87% isolated yield over two steps from readily accessible homoallyl amines 1, Table 3 . It was vital that liquid amines were used neat (as solvent) in the iodine displacement step, when cosolvents were used isomerisation to the corresponding pyrrolidines (3) became problematic, however this feature can be exploited (as discussed later) in pyrrolidine synthesis. Yields of amine bearing azetidines 6 ranged from 50 to 82% over two steps from starting homoallyl amines 1. Primary and secondary amines could be used in the derivatisation, linear and branch aliphatic, benzylic, and heteroatom containing substituents in the derivatising amine part could all be accommodated. Scheme 2 Proposed mechanism for the deallylation and imine formation observed in the reaction of 1r under typical cyclisation conditions. The nucleophilic displacement of iodine from cis-iodoazetidines was employed in an azide to triazole so-called click reaction sequence. Homoallyl amines 1a and 1d were reacted under standard cyclisation conditions and worked-up as before, the iodoazetidines 2a and 2d were treated with sodium azide in DMF at room temperature and stirred overnight (16 h), all the while ensuring the temperature did not exceed 20°C, the reactions were monitored by TLC (silica EtOAc-Hex), which indicated that although the displacement of iodide by azide was incomplete the iodides 2a and 2b were showing evidence of a small level of isomerisation to the corresponding pyrrolidines (as judged by TLC). In order to minimise contamination from products of reaction after azetidine isomerisation a terminal alkyne ( phenyl acetylene or pent-1-yne) was added at that point with copper(I) iodide and the reaction stirred for a further 24 h. Triazole appended azetidines 7aa, 7ab and 7da were obtained in approximately 50% yield over the three synthetic steps from homoallyl amines 1a or 1d (Scheme 4).
The cyclisation, iodide displacement sequence was applied to the synthesis of single enantiomer azetidines (S,R)-6ab, (S,R)-6tb, (S,R)-6ua and (S,R)-6ue. 14 The synthesis of (S,R)-6ab is shown in Scheme 1 which describes the use of single enantiomer 1a, no loss of enantiopurity is witnessed and (S,R)-6ab was isolated in 84% yield. Single enantiomer 1a was obtained utilising a stereoselective allylation of the corresponding imine 15 via an Ellman auxiliary protocol (Scheme 5). [16] [17] [18] [19] Pyrrolidines Whilst azetidines represent an attractive synthetic target pyrrolidines, the side product of our azetidine formation protocol, are highly desirable heterocyclic constructs in the organic synthesis arena. [20] [21] [22] [23] It was shown that pyrrolidine cis-3a could be quantitatively formed upon reaction of homoallyl amines with iodine and a base with mild heating. It was also previously shown (by us in an earlier report 11 ) that iodine containing azetidine derivative 2d stereospecifically isomerized, with time, to the corresponding pyrrolidine cis-3d. In order to confirm isomerisation of iodoazetidines to iodopyrrolidines, azetidines 2c-e were separately heated at 50°C in acetonitrile for 4 hours (Scheme 6), in each case ≥95% of the corresponding pyrrolidine 3c-e was isolated. In this report evidence of a dissociative isomerisation mechanism is revealed, which corroborates hypotheses of Couty and others in the area (see later). 24, 25 Paulmier, Outurquin and co-workers reported selenium induced cyclisation of homoallyl amines to azetidines and pyrrolidines. 26, 27 Bott et al. reported a one carbon ring expansion of azetidines via ammonium ylide shifts. 28 Couty and coworkers have studied a number of ring enlargement reactions that deliver pyrrolidines from azetidines, such as fluoride, 29 chloride 25 and bromide derivatives, 30 alkene derivatives 31 and hydroxy derivatives. 25 Van Brabandt et al. also utilised ring expanded chloride and bromide bearing azetidines. 32 Amongst this catalogue of work Couty and coworkers reported a computational study where ring expansion of 2-(chloromethyl)-1-isopropylazetidine was discussed, 24 and noted that a polar solvent (DMSO) reduced the barrier to isomerisation and the reaction proceeds via two transition states through a strained intermediate, Scheme 7. It is also important to point out that a five ( pyrrolidine) to six ( piperidine) membered ring expansion reaction that exploits the nucleophilic displacement of a beta iodide by Davies et al. supports an ion pair aziridinium salt hypothesis Using the knowledge that the isomerisation of 2,4-cis-azetidines 2 to 2,4-cis-pyrrolidines 3 is facile and our knowledge that nucleophilicly displacing iodine from azetidine products delivers stable amino azetidines we chose to run a similar protocol for generation of trans-pyrrolidine (whilst never observed it was speculated that iodopyrrolidines might be prone to polymerisation via N-quaternisation or other side reactions so reaction of the iodide directly was deemed appropriate). It was envisaged that, in one pot, a homoallyl amine (1) could be cyclised to a 2,4-cis-azetidine (2) , which in turn could be isomerised by action of heat to a 2,4-cis-pyrrolidine (3). The cispyrrolidine thus formed upon treatment with a nucleophile would deliver a trans-substituted pyrrolidine. Indeed, for the case of homoallyl amines 1a, c, d and m the corresponding cisazetidines (2a, c, d and m) and then cis-pyrrolidines (3a, c, d and m) were identified by proton NMR spectroscopy and treated with a primary amine to give 2,4-trans-pyrrolidines 8ab, aj and kb (>73% yield over three steps) or with sodium azide followed by a terminal alkyne and a copper(I) catalyst to give 2,4-trans-pyrrolidines 9aa, ca and da as single diastereoisomers in good isolated yields (57-65% yield over four steps), Scheme 9left side. An X-ray crystal structure of trans-9da helped confirm the relative trans-stereochemistry (inset Scheme 9). To our surprise (and later delight) when cis-azetidines 2a and 2k (confirmed by proton NMR spectroscopy) where stirred at room temperature in DMSO with primary amine nucleophiles not only were pyrrolidines the major products (as indicated earlier in the azetidine section, use of a solvent rather than neat amine gave some pyrrolidine product) but these products were the cis-diastereoisomer 8ab, aj and kb in greater than 77% isolated yield from the corresponding homoallylamines, Scheme 9right side. Thus it is possible to synthesise both diastereoisomers of the 2,4-pyrrolidines from the same starting material in good yield and high diastereoselectivity simply by adjusting the addition sequence and reaction temperature. Alongside this finding it was also possible to prepare cis-2,4-hydroxy functionalised pyrrolidines (although it was not possible to obtain the trans isomer) by using hydroxide as the nucleophile in 72-89% yield in the cases tried (including a pyrrolidine bearing a 3-pyridyl functionality in R 1 offering access to functionalised analogues of a nicotine core). The observation that both cis-and trans-pyrrolidines 8 are readily accessible from the same starting materials by simply subtly changing the reaction conditions (namely adding nucleophile before or after isomerisation of azetidine to pyrrolidine) leads to the conclusion that the isomerisation is likely to proceed via intermediate 11, Scheme 10. In the absence of any external nucleophile the cis-azetidine isomerises to the corresponding cis-pyrrolidines 3, which can then undergo an S N 2 reaction with a nucleophile, such as a primary amine, to 
Preliminary biological activity
Zebrafish embryo development can be used as an assay to assess potential drug-like behaviour of molecules in a complex organism; certain developmental manifestations can help to provide early indications of possible utility in therapeutic regimes and also toxic side-effects that could develop. [34] [35] [36] [37] [38] [39] [40] [41] Zebrafish are a suitable vertebrate model for drug screening due to their ease of access, low maintenance costs, optical transparency, fast development and relatedness to humans in terms of physiology, genetics and toxic responses. 40 In comparison, rodent models are more expensive to maintain, their development is slow and occurs in utero making drug testing difficult and the number of embryos that can be obtained is also small reducing the scale of the experiments. 42 Additionally, in comparison to in vitro cell culture models, the zebrafish embryo enables the response of the organism as a whole to a compound to be observed, such as cell-cell and cell-matrix interactions, as well as enabling the efficiency of uptake, metabolism and excretion of a compound to be determined; information that cannot be obtained from in vitro cell culture models. 42 Zebrafish screens require small amounts of compound, which saves money and the compound can also be added directly to the bathing solution, so injection is not required for drug delivery. Zebrafish screens can also be automated enabling high throughput screening to be carried out where thousands of compounds can be tested at one time. The first chemical screen in zebrafish was carried out by Peterson and colleagues in 2000 where compounds from a library were screened in zebrafish to see what phenotypes they evoked, some of the phenotypes observed included effects on pigmentation and ear development. 43 These phenotype based screens can help to uncover the mechanism by which compounds may be acting. For example when fertilised zebrafish embryos are exposed to a certain concentration of probe molecule and the morphological changes are monitored, reduced pigmentation can be an indicator that the probe molecule may be acting on thyroid hormone signaling and therefore warrants further investigation as an agent for treating thyroid disorders. 44 In a forward chemical screen in zebrafish carried out by Das et al. a retinoid analogue which caused specific cardiovascular defects in zebrafish (heart tube deformations) was identified, indicating potential usefulness against conditions such as acute promyelocytic leukaemia. 45 For our investigation of biological activity using zebrafish embryo development as a screening technique six azetidine derivatives were selected. The azetidines selected, racemic cis-6ae, 6ac, 6ad, 6ja, 6ga and 6di represent a cross section of the azetidines synthesized and provide an interesting comparison in terms of the chemical space they explore, Fig. 2 . Comparisons between the structures selected could be made along the following lines tertiary amine versus secondary amine; aliphatic versus benzylic; heteroaromatic versus aromatic; etc. Table 4 shows a summary of the morphological defects observed after five days following treatment of zebrafish embryos at 75%-epiboly stage with the six selected azetidines at a concentration of 25 μM. Azetidines were added as DMSO solutions against a control and a DMSO blank. Most compounds had minimal effects on overall morphology (see Table S1 , ESI †). However, compound cis-6ae was found to cause severe morphological effects over the whole exposure period showing increased severity of phenotypes at higher doses (see Fig. S1 to S8, ESI †), cis-6ga was also found to cause morphological effects at later time points (see Fig. S9, ESI †) .
Zebrafish embryo developmental morphology assay
Compound cis-6ae, which contains a piperidine fragment, shows effects in all of the nine morphological defect indicators. This suggests cis-6ae has high biological activity in a 
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This journal is © The Royal Society of Chemistry 2013 Org. Biomol. Chem., 2013, 11, 5083-5093 | 5089 number of tissues, resembling many effects seen when zebrafish embryos are exposed to piperidines, effects such as hypopigmentation and cardiac edema. 46 Next most active is compound cis-6ga, which bears an ortho-bromophenyl substituent in the 2-position of the of the azetidine ring. Compound cis-6ga resulted in curved tails, slowed heart rate, cardiac edema and reduced circulation in more than 50% of embryos. The 3-furyl derivative 6ja showed a similar but less extensive spread of defects. Compounds cis-6ae, cis-6ga and cis-6ja all produced effects similar to those seen with nicotine; 47 however, they showed varying degrees of severity. An additional feature observed with cis-6ae not included in the morphological defect scoring was the development of an atrioventricular block, specifically a 2 : 1 type (data not shown), which is often observed when zebrafish embryos are treated with QT prolonging drugs, 48 suggesting that this compound in particular may also be affecting cardiac ion channels. Additionally, somites were found to be u-shaped and melanophores were found to be small and granulated, as well as reduced in number. U-shaped somites are characteristic features observed when there are defects in slow muscle development caused by disruption to the Hedgehog signaling pathway. 49 The pigmentation effects seen may have been caused by reduced cyclic adenosine monophosphate (cAMP) levels and disruption of microtubule function, as both are required for aggregating and dispersing melanin. 50 Additional disruption to xanthophores may have also contributed to the pigmentation phenotype at later stages. 51 Embryos treated with compound cis-6ae were also unable to hatch, which could have been due to the hatching enzyme chorionase being inhibited, osmotic disturbances or due to weakened muscular movements. 52 The other compounds tested in this preliminary screen did not show any marked defects, which could be due to the small concentration range tested, as different compounds are likely to have different effective concentrations. However, it is clear that among even this small sample set various important pharmacological effects can be seen and small structure variation have wide impact on activity, boding well for future investigations. Since these compounds have not been previously tested in zebrafish, correlation to a similar molecule can provide important benchmarking, a small ring nitrogen-containing heterocycle which has been extensively studied is nicotine, which is a naturally occurring alkaloid that acts on nACh receptors. Nicotine in is extremely toxic to humans and is a known human teratogen. 53 In zebrafish embryos, nicotine has been found to reduce notochord length, cause apoptotic death of brain cells, 54 lead to underdeveloped tails, reduced number of somites, increased muscular bends in spine and cause complications in jaw formation. 53 Many of these effects correlate with those seen with some of the azetidines screened here, particularly compound cis-6ae. The muscular bends, which are common features of exposure to compound cis-6ae and cis-6ga are thought to occur due to slow muscle fibres becoming disorganised and the nACh receptors becoming desensitised, which explains the short stature of the fish and the bent tails. 55 With compound cis-6ae reduced locomotion was observed when 6 dpf larval zebrafish were treated at a concentration of 20 μM, which is similar to that which occurs when zebrafish are treated with high concentrations of nicotine. 56 This is because at low concentrations, nicotine causes stimulation of nACh receptors in the CNS, whereas at higher concentrations nicotine will bind more preferentially to nACh receptors in muscles (particularly those involved in movement), which can have negative depressant effects reducing locomotion.
Since compound cis-6ae was shown to elicit morphological defects across the nine probed criteria it was selected for a more detailed investigation. Specific characterisation (detailed phenotypic analysis) of compound 6ae to look for further effects undetectable by morphology analysis alone was embarked upon (Fig. 3 ). Analysis of locomotion by assessing motility of zebrafish larvae through measurement of pixel change over time, overall blood vessel development through fluorescence visualisation of vascular endothelial cells using the Tg(fli-1:EGFP) transgenic zebrafish line and blood circulation through fluorescence visualisation of red blood cells using Tg(gata-1:dsRed); Tg(fli-1:EGFP) transgenic zebrafish line revealed that compound cis-6ae reduced locomotion, did not affect gross blood vessel development and reduced circulation with formation of blood clots. Compound cis-6ae at a concentration of 20 μM was found to significantly reduce movement 
very severe effect (75-100%); +++ = severe effect (50-75%); ++ = moderate effect (25-50%); + = minimal effect (5-25%); +/− = either minimal or no effect (0-5%); − = no effect (0%). of 6 dpf zebrafish compared to controls (Fig. 3 , A) (n = 60, P < 0.05). Morphological defects observed after 48 hours following treatment with 25 μM cis-6ae at 75%-epiboly stage included bent tails, hypopigmentation, severely delayed development, brain and cardiac edema (Fig. 3, B ). Analysis of 2 dpf Tg(fli-1: EGFP) zebrafish treated at 75%-epiboly with 50 μM cis-6ae ( Fig. 3, C) under the green channel (which marks blood vessels) showed severely delayed growth with the tip of the tail not fully formed and tail necrosis was evident with no blood vessels present in the necrotic part of the tail. Tail necrosis was found to occur in all embryos treated with 50 μM cis-6ae ( Fig. 3, D) (n = 40, P < 0.05). However, overall vascular development was unperturbed. Analysis of 2 dpf Tg(gata-1:dsRed); Tg-(fli-1:EGFP) zebrafish treated at 75%-epiboly with 50 μM cis-6ae ( Fig. 3, E) under the red channel (which labels circulating blood cells) showed reduced circulation and the formation of 
This journal is © The Royal Society of Chemistry 2013 Org. Biomol. Chem., 2013, 11, 5083-5093 | 5091 blood clots. The formation of blood clots was found to occur in all embryos treated with 50 μM cis-6ae with aggregation of erythrocytes evident at the end of the tail due to reduced blood circulation ( Fig. 3 , F) (n = 40; P < 0.05). Exposure to compound cis-6ae resulted in numerous morphological defects in zebrafish embryos, suggesting that it was able to act on many tissues. Many similarities to nicotine toxicity were also observed suggesting that it may have a similar mode of action or operate via a similar route. Compound cis-6ae displayed similar effects to those which have been documented in zebrafish embryos following treatment with different piperidines, such as 2-methylpiperidine, 46 such compounds are often used as insecticides. 57 Recent studies with pyrethroid insecticides also showed similar morphological defects, such as jaw abnormalities, curvature of body axis and pericardial edema. 58 Additionally, the pigmentation defects observed with cis-6ae are similar to those seen with antithyroid agents such as methimazole, 59 suggesting there might be an effect on thyroid hormone signalling. However, there are many ways in which pigmentation can be reduced (e.g. disturbances to non-skeletal neural crest or melanophore formation), therefore further investigation would be required to ascertain the precise cause in this case. Overall, cis-6ae shows high toxicity at the concentrations that were used in this study and would be detrimental particularly to aquatic habitats if it were to be released into such an environment. Further studies to investigate mechanism of action and dose ranging may reveal potential therapeutic benefits (e.g. treatment for overactive thyroid/lice/scabies) or industrial applications (e.g. use as an agricultural insecticide).
From the selection of compounds tested at the specified concentrations, compound cis-6ae, as mentioned previously, has detrimental effects on zebrafish embryo development, making this compound particularly toxic to aquatic environments. Further studies would be necessary to elucidate its mechanism of action and metabolism in zebrafish. This study however shows that the zebrafish embryo is a suitable vertebrate model to investigate lead compounds for toxic effects due to its ease of accessibility, optical transparency, contribution to 3Rs (replacement, reduction and refinement) of animals in research, fast development, low cost of maintenance and high similarity in toxic responses when compared to humans and rodents. These advantages make the zebrafish embryo an attractive model for testing during pre-clinical drug development before tests are performed in rodents or higher mammals, saving time and money by filtering out any lead compounds with safety liabilities before they reach the next step in the drug development pipeline.
Conclusions
A synthetically versatile protocol for the stereospecific cyclisation of homoallyl amine derivatives ultimately delivered cisazetidine and cis or trans pyrrolidine derivatives. Importantly, it was the subtle change of temperature and reaction sequence in this iodine and base mediated cyclisation and subsequent halide displacement that gave selective access to these three groups of compound. A zebrafish embryo developmental morphology assay was demonstrated as a useful tool in assessing the biological activity of a sample of azetidine derivatives and a compound bearing an azetidine and a piperidine to elicit morphological responses across the panel of indicators of potential activity in a variety of settings. This demonstrates both the utility of the fertilised zebrafish egg morphology screening technique and the potential for the underlying azetidine scaffold discussed to be probed for biological activity using advanced high throughput techniques employing zebrafish embryos. With the increasing number of transgenic lines available and the latest technological advances the zebrafish will provide a platform for drug screening in the years to come.
